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In the present work, we conducted a comparative study on inbred C57BL/6 and outbred 
CD-I mice after injection of O. felineus larvae. Body weight and weights of the liver and 
spleen as well as biochemical parameters of blood serum were evaluated at 4 and 6 weeks 
postinfection. An increased relative weight of the liver was observed after 4 weeks in outb¬ 
red CD-I mice and after 6 weeks in inbred C57BL/6 mice. In response to the infection, in 
CD-I mice after 4 weeks, the relative weight of the spleen increased and returned to baseli¬ 
ne 6 weeks postinfection. Alanine aminotransferase activity in C57BL/6 mice, compared to 
CD-I mice, was substantially higher than the control value 6 weeks after the injection of 
O. felineus larvae. In CD-I mice, the O. felineus infection contributed to a significant incre¬ 
ase in the activity of aspartate aminotransferase and to a modest upregulation of y-glutamyl 
transpeptidase after 4 weeks. Both of these parameters normalized 6 weeks postinfection. 
Furthermore, inbred C57BL/6 mice had significantly more maritae of O. felineus in hepatic 
biliary ducts than outbred CD-I mice did. Meanwhile, in CD-I mice, the number of maritae 
decreased by more than twofold at 6 weeks postinfection as compared to 4 weeks postinfec¬ 
tion. Our results revealed differences in susceptibility to O. felineus infection between the 
mouse strains (depending on the genotype) and indicate that inbred C57BL/6 mice are pre¬ 
ferable as a model for studies on experimental O. felineus- induced opisthorchiasis. 

Key words : O . felineus , mice C57BL/6 and CD-I, differing susceptibility. 
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B HacToamen pa6oTe 6bijio npoBejjeHO cpaBHHTejibHoe nccne^oBaHne HH6pe/jHBix mbi- 
men C57BL/6 n ayT6pe;tHBix CD-I nocjie BBejjeHHJi hm jiiihhhok O.felineus. OuemiBajiH 
Maccy Tena, neneHH n cejie3eHKH, a Taiojce OnoxHMHuecKHe noKa3aTeitH b CBiBopoTKe Kpo- 
bh uepe3 4 n 6 He^ejiB nocne HH^nunpoBaHna ^khbothbix. YBejiHneHHaa oth oCHTe jibh a.s 
Macca neneHH ObiJia 3a(J)HKcnpoBaHa nepe3 4 Hejjejin y ayrSpe^HBix MBiineH CD-I h nepe3 
6 He^ejiB y HHOpe^HBix MBimen C57BL/6. B otbct Ha HHcjmunpoBaHHe y MBimen CD-I ne- 
pe3 4 He^ejin yBennunBanacB OTHOCHTenBHaa Macca cejie3eHKH, KOTOpaa B03BpamajiacB k 
HopMe nepe3 6 He/jejiB. Akthbhoctb ajiaHHHaMHHOTpaHC(J)epa3Bi y MBimen C57BL/6 no 
cpaBHeHHio c MBimaMH CD-I nepe3 6 He/jejiB nocne BBe^emni jihhhhok O. felineus ObiJia 
cymecTBeHHO BBime KOHTpojiBHoro 3HaneHHJi. Y MBimeii CD-I mujmitHpoBaHHe O.feline¬ 
us CnOCObCTBOBaJIO CTaTHCTHHeCKH 3HaUHMOMy nOBBimeHHIO aKTHBHOCTH acnapTaTaMH- 
HOTpaHC(^epa3Bi h HexoTopoMy noBBimeHHio raMMa-rjiyTaMHJiTpaHC(J)epa3Bi nepe3 4 He^e- 
jih, KOTOpBie H0pMajiH30BajincB nepe3 6 He^ejiB. npn 3tom miSpe/uiBie MBimn C57BL/6 
co^ep^cajin b ^ceimHBix npoTOKax neneHH 3HaHHTejiBHO SojiBine MapHT O. felineus, neM 
ayr6pe/jHBie mbiuih CD-I. npnneM y MBimen CD-I nepe3 6 He/jejiB nocne HHcjmuHpoBa- 
h nn hhcjio MapnT yMeHBmnjiocB 6onee neM b 2 pa3a no cpaBHeHHio co cpoxoM 4 He/jenn. 
nojiyneHHBie ^aHHBie, BBmBJimomne pa3Hyio bochphhmhhboctb ^chbothbix k HHcJmuHpo- 
BaHHio O. felineus b 3aBHCHMOCTH ot reHOTHna, npejjnonaraioT npejuiouTHTeriBHoe hc- 
nonB30BaHHe HH6pe/jHBix MBimen C57BL/6 b KanecTBe Mo^ejiBHBix npn Hccjie/joBaHHH 
3KcnepHMeHTanBHoro O. ^/meus-HH/jyitnpoBaHnoro onncTopxo3a. 

Kjuoneebie cjioea : O. felineus , MBimn C57BL/6 h CD-I, pa3Han nyBCTBHTe jibh o ctb. 

Opisthorchiasis is a severe parasitosis of humans and animals which induced 
by invasion of larvae of Opisthorchis felineus (Rivolta, 1884) or O. viverrini 
(Poirier, 1886) (fam. Opisthorchiidae). This infection takes place after consum¬ 
ption of raw or undercooked fish from the fam. Cyprinidae. The endemic area of 
O. viverrini is Southeast Asia, especially Northeast Thailand (Sripa, Kaewkes, 
2002; Furst et al., 2012; Sripa et al., 2017). The species O.felineus is widespre¬ 
ad in Central and Western Eurasia (Keiser, Utzinger, 2005) covering nine coun¬ 
tries (Furst et ah, 2012). The peak of prevalence of O. felineus -induced opist¬ 
horchiasis in Western Siberia is observed in the Ob-Irtysh region (Mordvinov, 
Furman, 2010; Ogorodova et ah, 2015). Overall, 35 million people worldwide 
are affected by Opisthorchiidae-related diseases (Ogorodova et ah, 2015). Opis¬ 
thorchiasis is dangerous not only because it causes pathologies of the hepatobi¬ 
liary system (purulent cholangitis, chronic hepatitis, stenosis of hepatobiliary 
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ducts, and abscesses of the liver) but also because it enhances or triggers disea¬ 
ses of other organs and systems of organism, for example, in the pancreas, in or¬ 
gans of the gastrointestinal tract, broncho-pulmonary system, and the thyroid 
gland (Bronstein, Luchshev, 1998; Sripa, 2003; Akhmedov, Kritevich, 2009). 
For these reasons, modeling of opisthorchiasis in laboratory experiments and re¬ 
search into the pathogenesis are highly relevant topics at present. 

For modeling of opisthorchiasis, researchers often use golden hamsters 
Mesocricetus auratus (Sripa, Kaewkes, 2002; Stepanova, Podkletnova, 2002; 
Sripa, 2003; Boonmars et al., 2009). There are studies where — for infection 
with O. felineus or O. viverrini — researchers used silver foxes Vulpes vulpes 
fulva Desmarest, 1820 (Schuster et ah, 2003), guinea pigs and kittens (Glumov 
et ah, 1986), rodents (fam. Muridae): the jirds Meriones unguiculatus (Milne- 
Edwards, 1867) (Adam et ah, 1993), and mice (Nair et ah, 2011). Nonetheless, 
some investigators believe that mice and rats are not optimal model animals for 
studies on opisthorchiasis processes as opposed to hamsters and voles (Boon- 
mars et ah, 2009). 

On the other hand, there is little doubt that mice are preferable laboratory 
animals for virtually any biomedical studies. Inbred strains of mice such as 
C57BL/6, BALB/c, SCID, and A/J and outbred CD-I mice are most frequently 
used as physiological or pathological models for experiments in vivo (Labome, 
2012). In parasitological studies, it was shown that the C57BL/6 strain of mice 
is the most susceptible to hepatic infection with Plasmodium berghei (Vincke et 
Lips, 1948) sporozoites (among the six analyzed strains of laboratory mice) 
(Scheller et ah, 1994) and to infection with liver fluke Fasciola hepatica Lin¬ 
naeus, 1758 (among the 10 tested inbred strains of mice) (Andrews, Meister, 
1978). 

It should be noted that inbreeding is associated with profound effects on the 
immune system by reducing immunocompetence and resistance to pathogens 
and parasites, as suggested by some authors (Ilmonen et ah, 2008; Hofer et ah, 
2010). At the same time, outbred mice are closer to natural mammalian popula¬ 
tions, including human ones (Hofer et ah, 2010). Therefore, those authors belie¬ 
ve that the use of outbred mice should be thoroughly studied, instead of the po¬ 
pular inbred strains, for example, in experiments evaluating the effects of phar¬ 
macological interventions on hematopoiesis. In contradiction to this point of 
view, in other studies, it was shown that various inbred strains of mice can differ 
severalfold in susceptibility toward some parasitic species, e. g., one of the stra¬ 
ins of Leishmania mexicana Biagi, 1953, whereas outbred CD-I mice occupy 
an intermediary position in this regard (Neal, Hale, 1983). Accordingly, it was 
important to determine how infection with O. felineus affects mice with varying 
degrees of homozygosity of inherited traits: inbred and outbred animals. In the 
early studies, C57BL/6J mice were regarded as the least susceptible to O. feline¬ 
us infection because 2 months after injection of metacercariae, their liver does 
not contain a single pubescent fluke, but immature maritae and dead worms are 
present (Zelentsov, 1974). In contrast, in our previous studies, it was demonstra¬ 
ted that C57BL/6 mice are sufficiently susceptible to infection with O. felineus, 
and 2 weeks postinfection, hepatic bile ducts of these mice contain the same 
number of maritae as in golden hamsters (Avgustinovich et al., 2017). Suscepti¬ 
bility of outbred CD-I mice to infection with O. felineus has not been studied to 
date. 
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Therefore, the aim of this study was to create experimental models of O. feli- 
news-induced opisthorchiasis in inbred C57BL/6 and outbred CD-I mice. Con¬ 
sequences of the infection were assessed, first of all, by the number and maturi¬ 
ty of maritae in the hepatobiliary system, by the relative weight of the liver and 
spleen, and by changes in blood serum activities of the enzymes that reflect the 
extent of damage to liver cells: alanine aminotransferase (ALT), aspartate ami¬ 
notransferase (AST), and y-glutamyl transpeptidase (GGT). Analysis of these 
parameters was conducted 4 and 6 weeks postinfection. 


MATERIAL AND METHODS 

We used male mice (weighing 26—36 g, age 3—4 months) of inbred strain 
C57BL/6 and outbred strain CD-I. The animals were obtained from the Center 
for Genetic Resources of Laboratory Animals at the Federal Research Center 
Institute of Cytology and Genetics, SB RAS (RFMEFI61914X0005 and 
RFMEFI61914X0010). The mice were maintained in cages 36 X 23 X 12 cm 
(2—7 individuals per cage) under the light regimen 12 h/12 h (light/darkness) at 
air temperature 23—24 °C. Granulated feed and water were available ad libi¬ 
tum. The handling and care of mice were conducted in strict accordance with the 
recommendations of the European Communities Council Directive of 24 No¬ 
vember 1986 (86/609/EEC). The study protocol was approved by the Commit¬ 
tee on the Ethics of Animal Experiments of the Institute of Cytology and Gene¬ 
tics, SB RAS (protocol N 22 of May 30, 2014). 

Pubescent male mice of inbred strain C57BL/6 and outbred CD-I strains 
were distributed in a random manner into two series by duration of O. felineus 
infection: 4 and 6 weeks. Each series contained a control group of mice, which 
received a one-time injection of physiological saline, and an experimental gro¬ 
up, with injection of 100 metacercariae per mouse. These were intragastric 
injections by means of a probe (Braintree Scientific, Inc.): 100—150 pL of the 
suspension per 10 g of body weight of a mouse. Four and 6 weeks after the in¬ 
fection, the mice were euthanized by rapid decapitation, after which, blood was 
collected for biochemical analysis. Whole blood from each mouse, after staying 
under ambient conditions for 2—3 h to achieve good clotting, was then centrifu¬ 
ged for 25 min (4 °C and 1000 X g), and serum was separated and stored at 
-70 °C until biochemical analysis. Besides, relative weights of the liver and 
spleen were determined (per gram of body weight of a mouse). The liver and 
gall bladder were placed in physiological saline for subsequent microscopic 
examination of the number of adult O. felineus individuals in bile ducts and for 
analysis of their maturity. 

Larvae of O. felineus were obtained from infected ides (Leuciscus idus ) ca¬ 
ught in the Ob river of Novosibirsk region. Ground meat of the fish was digested 
with a 1% solution of pepsin chloride (incubation at 37 °C overnight), followed 
by filtration and precipitation in 0.9 % NaCl. A light microscope was used to 
determine viability of the metacercariae, which were then used for injections 
into mice. 

The mouse liver was examined under a light microscope (MBS-10, x 16) 
for the presence of O. felineus in bile ducts and in the gall bladder. If maritae 
were detected, then using two preparation needles, we squeezed out the duct 
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contents and transferred them by means of a micropipette into a Petri dish con¬ 
taining physiological saline. After bile clots were washed away, the worms were 
counted and placed on a histological slide for photography. The imaging was 
conducted at the Multiple-Access Center for Microscopy of Biological Suhjects 
(Institute of Cytology and Genetics, Novosibirsk, Russia) (http://www.bionet. 
nsc.ru/microscopy/) under an Axioskop 2 Plus microscope, equipped with an 
AnxioCamp HRc camera (Zeiss, Germany). 

The collected serum was assayed using a Dimension RxL Max automatic cli¬ 
nical chemistry system (Dade Behring Inc., USA). ALT, AST, and GGT activi¬ 
ties were determined using commercially available cartridges according to the 
manufacturer’s instructions (Dimension Clinical Kit, Siemens, USA). 

Statistical analysis of the data was performed with Statistica 6.0 software. 
Differences in the number of maritae in bile ducts of the mice of the two strains 
were evaluated by the f-test for independent groups of animals. Differences in 
body weight, liver and spleen weights, and in biochemical parameters were eva¬ 
luated by a three-way ANOVA, followed by Fisher’s LSD test. The first factor 
was the strain of mice (C57BL/6 or CD-I), the second was duration of infection 
(4 or 6 weeks), and the third factor was the group of mice (control or experimen¬ 
tal). The data are presented as mean ± SEM. The groups contained 9—15 ani¬ 
mals. Differences were considered statistically signilicant at p < 0.05 and were 
regarded as an insignilicant trend at 0.05 <p<0.1. 

RESULTS 

As shown in table 1, after 4 and 6 weeks since O. felineus metacercariae 
were injected, the number of maritae in the bile ducts differed substantially bet¬ 
ween the two strains of mice: significantly more in C57BL/6 mice than in CD-I 
mice after 4 weeks (t = 2.85; p = 0.010) and after 6 weeks (t = 2.50; p = 0.019). 
Meanwhile, in CD-I mice at 6 weeks postinfection, the number of maritae dec¬ 
reased more than twofold in comparison with the time point 4 weeks (t = 2.18; 
p = 0.039). 

Both in C57BL/6 and CD-I mice, the maritae of O. felineus that were isola¬ 
ted from hepatic bile ducts and from the gall bladder, had a length not exceeding 
3 mm and looked immature (fig. 1). They contained well-pronounced filled-out 
branches of the intestine only. 


Table 1 

The number of maritae in the liver of mice of the two strains 
at different time points postinfection with O. felineus 

Strain 

Duration 

4 weeks 

6 weeks 

C57BL/6 

18.6 ±5.6 

10.9 ± 4.0 


(n = 11) 

(n = 12) 

CD-I 

3.3 ±0.6## 

1.5 ± 0.5*# 


(n = 12) 

(n = 14) 


Note.* — p < 0.05 — compared to 4 weeks postinfection; * — p < 0.05 
and ## — p < 0.01 compared to C57BL/6 mice. 
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Fig. i. O.felineus maritae that were isolated from the hepatic bile ducts and from the gall bladder of 
C57BL/6 and CD-i mice 4 and 6 weeks postinfection (lifetime images). 

A — C57BL/6 mice, 4 weeks postinfection. B — C57BL/6 mice, 6 weeks postinfection. C — CD-I mice, 4 weeks 
postinfection. D — CD-I nice, 6 weeks postinfection. Scale bars = 1 mm. 


The mice ofithe two strains differed in body weight: CD-I mice were sub¬ 
stantially larger than C57BL/6 mice at both time points (fig. 2; table 2). Further¬ 
more, both after 4 and after 6 weeks, the O. felineus infection did not influence 
the changes in body weight in both strains of mice (table 2). 

Nonetheless, during the infection, the relative weight ofithe liver did change: 
in CD-I mice, this alteration was observed after 4 weeks, whereas in C57BL/6 
mice after 6 weeks (fig. 2; table 2). Meanwhile, after 4 weeks in the infected 
mice, the liver was bigger in CD-I mice than in C57BL/6 mice, but this diffe¬ 
rence was not significant 6 weeks postinfection. There was a reduced liver 
weight in control C57BL/6 mice compared to control CD-I mice after 6 weeks. 

A bigger difference between the strains was observed in the relative weight 
of the spleen: this parameter changed in different ways in these strains in res¬ 
ponse to the infection (fig. 2; table 2). In CD-I mice, the spleen weight was sig¬ 
nificantly increased after 4 weeks but returned to baseline 6 weeks postinfecti¬ 
on. The two strains of the infected animals differed significantly in this parame¬ 
ter after 4 weeks. In C57BL/6 mice, we did not detect any notable alterations of 
the spleen weight in response to the infection during the study period. In the me¬ 
antime, control mice of this strain had a lowered spleen weight in comparison 
with control CD-I mice after 6 weeks. 

As shown in table 2, there was a substantial interaction among all three fac¬ 
tors under study during analysis of the relative spleen weight. 

In the biochemical analysis, in response to infection with O. felineus, there 
were substantial alterations in enzymatic activity of ALT (fig. 3; table 3). In 
C57BL/6 mice, 6 weeks after injection of O. felineus larvae, the activity of ALT 
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Fig. 2. Changes in body weight and in relative weights of the liver and spleen in mice of the two stra¬ 
ins 4 and 6 weeks postinfection with O. felineus. 

* — p < 0.05, *** — p < 0.001, ^ — 0.05 < p < 0.1 (an insignificant trend) — compared to the control (for each 
group); # — p < 0.05, ### — p < 0.001, ^ — 0.05 < p < 0.1 — compared to the same parameter in C57BL/6 mice. 


was 2.5-fold higher than that in the control. In CD-I mice, this parameter was 
noticeably but insignificantly increased at both time points: 1.7-fold after 4 weeks 
and 1.6-fold after 6 weeks. As shown in table 3, there was a substantial influen¬ 
ce of factor «Group» on this parameter. 

The effect of O. felineus infection on AST was observed in CD-I mice after 
4 weeks (fig. 3; table 3). This parameter normalized at 6 weeks in these mice. In 
C57BL/6 mice, there was no influence of O. felineus infection on AST activity 


Table 2 


Results of the three-way ANOVA applied to data on relative weights of the liver and spleen 

in mice of the two strains 




Factors 


Factors’ interaction 

Parameters 

Strain 

Duration 

Group 

Strain* Duration*Group 

Weight of body 

F(i.80) = 24 8.80 

F(i.80) = 6.70 

F(i.8o) = 6.17 

F(i.80) = 5.43 


p <0.001 

p > 0.05 

p > 0.05 

p >0.05 

Relative weight 

F(i.8o) = 23.52 

F(i.80) = 1-26 

F(L80) = 6.88 

F(L80) = 7.39 

of liver 

p <0.001 

p > 0.05 

p <0.010 

p <0.01 

Relative weight 

F ( i.80) = 31.77 

F(i.80) = 8*77 

F ( i.80) = 14.53 

F(i.80) = 7.23 

of spleen 

p <0.001 

p<0.01 

p <0.001 

p <0.01 
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Fig. 3. Serum ALT, AST, and GGT activities 4 and 6 weeks postinfection with O. felineus. 

* -— p < 0.05, ** — p < 0.01, ^ — 0.05 < p < 0.1 (an insignificant trend) — compared to the control (for each group); 
# — p < 0.05, ^ — 0.05 < p < 0.1 (an insignificant trend) — compared to the same parameter in C57BL/6 mice. 


at either time point. Interstrain differences in this parameter were observed du¬ 
ring the infection: an insignificant trend after 4 weeks and statistically signifi¬ 
cant differences after 6 weeks (fig. 3; table 3). 

Blood activity of GGT was somewhat increased in CD-I mice 4 weeks after 
injection of O. felineus larvae and did not differ from the control level at 6 weeks 
postinfection. The infection did not affect this parameter in C57BL/6 mice du¬ 
ring the study period. Six weeks postinfection in C57BL/6 mice, this parameter 
was significantly lower than that in CD-I mice. 


Table 3 


The results of three-way ANOVA applied to data of the assays of biochemical parameters in 

mice of the two strains 




Factors 


Factors’ interaction 

Parameters 

Strain 

Duration 

Group 

Strain* Duration*Group 

ALT 

F(i.80) = 0.30 

F(i.80) = 0.69 

F(i.so) = 16.74 

o 

oc 

o 

II 

S 

00 

uX 


p > 0.05 

p > 0.05 

p <0.001 

p > 0.05 

AST 

F(i.80) = 5.06 

F(i.80) = 2.31 

F(i.80) = F14 

F(i.80) = 0.59 


p < 0.05 

p > 0.05 

p > 0.05 

p > 0.05 

GGT 

o 

c4 

ll 

o' 

oo 

uT 

F(i.8o) = 0.91 

F(i.80) = 0.20 

F(i.80) = 0.73 


p > 0.05 

p > 0.05 

p > 0.05 

p > 0.05 
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DISCUSSION 


According to results, mice are susceptible to O. felineus infection, as other 
mammals. Their susceptibility mostly depends on the genotype of mice. For ins¬ 
tance, in mice of inbred strain C57BL/6, the number of maritae in hepatic bile 
ducts was substantially higher than in outbred CD-I mice both 4 and 6 weeks 
postinfection. Moreover, as we showed previously (Avgustinovich et al., 2017), 
the number of maritae at an even earlier time point, 2 weeks postinfection, in 
hepatic bile ducts of C57BL/6 mice was greater (29.69 ± 2.92) than after 4 and 
6 weeks (in the present study). In mice of both strains, the maritae were found to 
be immature at all the analyzed time points. Other investigators also reported 
that in C57BL/6 mice, there are no mature maritae with well-developed repro¬ 
ductive organs even at 2 months postinjection with O. felineus larvae, although 
in mice of other inbred strains (CBA/Lac, A/He, and DBA/2J) mature maritae 
are present under these settings (Zelentsov, 1974). Our results are suggestive of 
varied susceptibility of the mammalian body to infection with O. felineus, de¬ 
pending on genetic factors, and apparently, outbred CD-I mice are noticeably 
more resistant to this infection. This conclusion is in good agreement with the 
notion that inbreeding can weaken resistance to pathogens and parasites (Ilmo- 
nen et al., 2008; Hofer et al., 2010). In this regard, the resistance of outbred 
CD-I mice to infection with O. felineus manifests itself mostly as well-pronoun¬ 
ced elimination of maritae from hepatic bile ducts. 

Besides, in outbred CD-I mice, there was an increase in relative weight of 
the liver and especially of the spleen, 4 weeks postinfection. These parameters 
returned to normal values after 6 weeks postinfection. In inbred C57BL/6 mice, 
we observed an increase in liver weight 6 weeks postinfection. The relative 
spleen weight in C57BL/6 mice did not change during the study period altho¬ 
ugh, as we showed previously (Avgustinovich et al., 2017), it is substantially 
enlarged 2 weeks postinfection. The spleen is considered the biggest organ of 
the peripheral immune system. As pointed out by some researchers, acute opist¬ 
horchiasis caused by O. felineus is characterized by hepatosplenomegaly (Furst 
et al., 2012). Similarly, our results indicate splenomegaly in mice of the two 
strains, but in outbred CD-I mice, this condition persists longer (week 4) than in 
C57BL/6 mice (week 2). These data imply longer persistence of the elevated ac¬ 
tivity of the immune system in outbred mice. It was demonstrated recently that 
outbred CD-1 mice display a more pronounced proinflammatory response (than 
inbred C57BL/6 mice do) to centrally administered lipopolysaccharide (LPS) 
(Nikodemova, Watters, 2011). Apparently, invasion of bile ducts by O. felineus 
larvae in CD-1 mice also causes a stronger inflammatory reaction in comparison 
with C57BL/6 mice. It is possible that the leading role in these processes is 
played by macrophages, which derive from maturing monocytes in the spleen, 
whose relative weight in outbred CD-I mice stays elevated until 4 weeks postin¬ 
fection. This hypothesis is supported by the data from outbred ICR mice (com¬ 
pared to inbred CBA mice), showing more pronounced activation of granulo¬ 
poiesis of the myeloid lineage in response to specific and nonspecific stimuli 
(Hofer et al., 2010). Those authors concluded that inbreeding inhibits the granu¬ 
lopoietic system in mice. 

Nonetheless, another explanation cannot be ruled out either, namely, that the 
dose of O. felineus metacercariae used in the present study (100 larvae per mou- 
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se) is not sufficient to induce the development of opisthorchiasis in outbred 
CD-I mice. It is known, for example, that 3 days after intravenous inoculation 
of the malarial parasite P. berghei at the dose of 50 sporozoites per animal, the¬ 
se parasites are detected in all the injected mice of inbred strain C57BL/6, whe¬ 
reas in outbred CD-I mice, the parasites are undetectable (Scheller et al., 1994). 
In contrast, at the dose of 20.000 sporozoites, the malarial parasites are detected 
in 100 % of cases in both strains of mice. Apparently, the functional abilities of 
the immune system in outbred CD-I mice substantially depend on the strength 
of the infectious agent, which is determined by recurrence of infection or by the 
dose of the invading metacercariae. It is possible that at higher doses of O. feli¬ 
neus larvae, the modeling of opisthorchiasis in this strain of mice will be more 
successful. It may happen that creation of an opisthorchiasis model by means of 
CD-I mice will require additional (two- to three-time) infection with O.felineus 
larvae. In any case, in golden hamsters (which are most frequently used as mo¬ 
del animals in experiments with O. felineus- induced opisthorchiasis), superin¬ 
vasions of the parasite, especially at the stage of chronic opisthorchiasis (when 
exhaustion of defense reserves of the host organism is observed) cause a three¬ 
fold increase in the number of helminthes in the hepatobiliary system (Stepano¬ 
va, Podkletnova, 2002). 

Despite the insignilicant number of O. felineus maritae in hepatic bile ducts 
of CD-I mice (< 4% of the injected metacercariae) and the prepatent period of 
their development (in terms of their maturity), these maritae have an appreciable 
negative effect, judging by the biochemical parameters in blood. There was a 
significant increase in AST and GGT activities (4 weeks postinfection) and 
somewhat increased activity of ALT (at both time points under study) in blood 
serum. It is known that ALT is located in the cytoplasm of hepatocytes, AST 
serves as a mitochondrial-cytoplasmic enzyme, whereas GGT is a membrane- 
bound enzyme (Kishkun, 2013). Consequently, the increase in activity of these 
enzymes reflects processes of hepatic cytolysis, which can take place in respon¬ 
se to various stressors (for the body as a whole), including infectious agents. 
A challenge with LPS causes a significant increase in the activities of serum 
ALT and AST in rats (Bharrhan et al., 2010). Infection with Schistosoma man- 
soni Sambon, 1907 induces significant elevation of serum levels of GGT 
(+343.44%), AST (+209.19%), ALT (+157.10%), and alkaline phosphatase 
(ALP) (+478.94 %) as compared to healthy control mice (Aly, Mantawy, 
2013). Upregulation of ALT and/or AST as well as GGT was demonstrated du¬ 
ring acute opisthorchiasis in silver foxes (Schuster et al., 2003) and in humans 
(Bakshtanovskaia et al., 1996; Bronstein, Luchshev, 1998; Bakshtanovskaia 
et al., 2003). 

In clinical practice (in humans), there are these notions of intrahepatic and 
extrahepatic cholestasis, associated with disturbances of bile outflow from small 
and large bile ducts, respectively, in the liver (Kishkun, 2013). Furthermore, an 
increase in GGT activity is the most reliable marker of intrahepatic cholestasis. 
We can hypothesize that in outbred CD-I mice, O. felineus maritae cause the 
development of liver pathology under the scenario of intrahepatic cholestasis. 
Nonetheless, by the time point 6 weeks, strong regenerative abilities of the liver 
return these parameters to normal levels. Even though the enzymatic activity of 
AST increased statistically significantly, this increase was less than severalfold. 
Besides, this parameter also normalized after 6 weeks. 
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In contrast to outbred CD-I mice, in inbred C57BL/6 mice, activity of ALT 
turned out to be strongly elevated 6 weeks postinfection. Probably, in mice of 
this strain, continuation of opisthorchiasis development (chronic opisthorchia¬ 
sis) is a more expected phenomenon than in outbred CD-I mice. Testing of this 
theory, however, would require further comparative studies on the consequen¬ 
ces of infection in inbred C57BL/6 and outbred CD-I mice at more distant time 
points postinfection with O. felinens. 

In conclusion, it should be mentioned that after a one-time injection of O.fe- 
lineus metacercariae in the amount of 100 larvae per mouse, we found inbred 
C57BL/6 mice to be more susceptible to active infection than CD-I mice were. 
Greater presence of juvenile worms was detected in the hepatobiliary system of 
the inbred mice 4 and 6 weeks postinfection, as was increased weight of the li¬ 
ver and enhanced ALT activity in blood after 6 weeks. These and previously re¬ 
ported data (Avgustinovich et al., 2016; Avgustinovich et al., 2017), support the 
advantages of inbred C57BL/6 mice as an experimental model for further rese¬ 
arch into processes of the development of experimental opisthorchiasis. It sho¬ 
uld be emphasized, however, that the resistance of outbred CD-I mice to O.feli- 
neus infection is a major independent finding of the present study because it 
should help to uncover the mechanisms underlying the confrontation between 
the mammalian body and a parasitic infection. 
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